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GATE VALVE 

Field of the Invention 

The present invention relates to a gate valve in which a tapered gate 
is mechanically wedged against the valve body seats for closing the valve. 

Brief Description of Prior Art 

Many valves have been taught in the prior art wherein a gate closure 
member wedges against the valve body seating surfaces in order to seal the 
fluid flow passageway. Examples are a tapered wedge gate valve, a tapered 
plug valve, an expanding wedge gate valve, etc. 

A gate valve is generally understood to mean a valve in which the gate 
closure member reciprocates along the stem axis between the closed and the 
open position of the valve. In a tapered wedge gate valve, a tapered gate of 
solid cross section is wedged into like tapered valve body seats to seal- 
ingly close the fluid flow passageway. In order to open the fluid flow 
passageway, the gate is pulled away from the body seats along the stem axis. 
In other words, the gate reciprocates along the stem axis between open and 
closed positions of the valve and therefore sufficient space should be 
provided for in the body cavity to acxxanmodate the movement of the gate. 
This cavity space is detrimental for valves in sanitary applications because 
debris can accumulate in- the body cavity. Another disadvantage of the valve 
is that the fluid flow passageway cannot be sealed from the body cavity in 
the valve open position because the gate is pulled away from the body seats. 
It is also well known that the stem packing around the stem is subject to 
more wear in a reciprocating stem than in a rotary stem. 

The most disadvantageous feature of the prior art valve is that sus- 
pended particles in the fluid get trapped between the sealing surfaces when 
the tapered gate is wedged mechanically against the body seating surfaces, 
thereby cQmpromising sealing integrity. 

So it would be advantageous to have a reciprocating gate valve that is 
actuated by a rotary stem for the stem packing to last longer. 

The tapered wedge gate valve of prior art is very prevalent in the 
industry today and has been for quite some time for centuries. In fact, the 
tapered wedge gate valve was first invented by the Chinese when they used a 
tapered wooden piece to wedge into a hollow bamboo pipe to stop water flow. 
That was some 6000 years ago. The present invention seeks to improve upon 
the Chinese valve. ^ 
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Simcnary of the pres ent Invention 

It is the essence of the present invention that the disadvantages of 
the prior art valve can be overcome if the tapered gate is made, to recipro- 
cate in a direction transverse to the stem axis between open and closed 
positions of the valve and the present invention is concerned with provi- 
ding a valve in which the gate is actuated by a rotary stem for the advan- 
tages obtained therefrom. 

A valve comprises a valve body having a fluid flow passageway defining 
a fluid flow path through the valve body and having a body cavity in the 
fluid flow path, the valve body having a pair of seating surfaces surround- 
ing the fluid flow passageway and facing each other across the body cavity. 
The closure member in the form of a tapered gate is disposed in the body 
cavity and is rotatable about the stem axis or about an offset axis parallel 
to the stem axis which is disposed transverse to the fluid flow path. The 
stem is connected to the gate which is actuated by the stem to selectively 
open or close the fluid flow passageway. The valve body cavity is correspon- 
dingly shaped to closely surround the gate and to permit the gate to rotate 
about an axis transverse to the fluid flow path and to permit the gate to 
reciprocate in a direction transverse to the stem axis between open and 
closed positions of the valve. The axis of rotation of the gate can coincide 
with the stem axis or can be offset from the stem axis but parallel to it. 

The flow control member comprising the tapered gate closure member is 
connected to the valve operator means which consists of a valve operator, 
a stem and a stem moving means. The stem is connected to the gate and the 
stem moving means operatively connects the valve operator and the stem for 
selectively moving the stem. 

The stem moving means in the form of a Lif t-and-Turn mechanism or a 
Lift-Turn-and-Reseat mechanism causes selective axial and rotary movement 
of the stem. The axial motion of the stem causes the flow control member to 
wedge against the body seating surfaces to sealingly close the fluid flow 
passageway. The rotary motion of the stem causes the flow control member to 
reciprocate in a direction transverse to the stem axis between open and 
closed positions of the valve because the rotary motion of the stem is tran- 
slated into rotary motion of the flow control member. The stem is either 
rigidly connected to the flow control member or by a connecting means such 
as a rack and pinion arrangement between the flow control member and the 
stem by which the flow control member is rotated about an offset axis 
parallel to the stem axis. If the distance between this offset axis and the 
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stem axis is made larger and larger to infinity, then the flow control 
member reciprocates in a straight line direction transverse to the stem 
axis, in a Lift-and-Turn mechanism the stem is lifted a limited extent and 
then rotated. By lifting the stem a limited extent the wedging load on the 
gate is relieved thereby facilitating the rotation of the gate. In a Lift- 
Turn-and-Reseat mechanism the stem is lifted a limited extent, rotated and 
then lowered or reseated to load the gate for sealing the fluid flow pass- 
ageway in the valve open position. 

The advantage of the flow control member reciprocating transverse to 
the stem axis is that the sealing surfaces slide over each other in a wiping 
action as in a ball valve, when the flow control member moves between open 
and closed positions of the valve, thereby permitting the valve to be used 
with fluids with particles in suspension, e,g. slurries. Secondly, since the 
flow control member does not reciprocate along the stem axis between open 
and closed positions of the valve, the dead cavity space in the body cavity 
is kept to the absolute minimum, thereby making the valve of the instant 
invention better for sanitary applications. Thirdly, the body cavity of the 
instant valve can be sealed from the fluid flow passageway in the fluid flow 
open position of the valve by using the stem moving means in the form of a 
Lift-Turn-and-Reseat mechanism by which the fluid flow conduit portion of 
the flow control member is wedged against the body seating surfaces for 
sealing about the fluid flow passageway in the valve open position. Thus, 
a Lift-Turn-and-Reseat mechanism for the stem can be used in the instant 
invention for sealing the fluid flow passageway from the body cavity in the 
fluid flow closed as well as fluid flow open position of the valve. 

in the valve of prior art, the gate reciprocates along the stem axis 
and requires plenty of space above the fluid flow path to accommodate the 
bonnet and the handwheel in a vertical installation which becomes a big 
problem in confined spaces for the installation of the valve. In the present 
invention, the gate does not reciprocate along the stem axis between the 
open and closed positions of the valve. However, in the Lift-and-Turn or 
the Lift-Turn-and-Reseat mechanisms to be used in the present invention, 
the axial motion of the stem and hence of the gate, is very limited, and 
limited only to the extent of loading the gate for sealing and unloading 
the gate of stem force for the purpose of facilitating movement of the flow 
control member between open and closed positions of the valve. The movement 
of the flow control member in a direction transverse to the stem axis 
selectively opens or closes the fluid flow passageway. 
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An object of the present invention is to provide a valve in which a 
tapered wedge gate reciprocates across the fluid flow path in a direction 
transverse to the stem axis. 

A further object of the present invention is to provide a tapered 
wedge gate valve which can be used for fluids with particles in suspension. 

Another object of the present invention is to provide a valve in 
which a tapered gate rotates about an offset axis parallel to stem axis. 

Another object of the present invention is to provide a valve in 
which the dead cavity space is kept to the minimum. 

Still another object of the present invention is to provide a reci- 
procating wedge gate valve that is actuated by a rotary stem. 

Other objects and advantages of the present invention will became 
apparent as the following detailed description is read in conjunction with 
the accompanying drawings which illustrate certain preferred embodiments. 



Brief Description of the Drawings 

Fig.l is a partially detailed cross sectional view of a reciprocating 
wedge gate valve of Prior Art. 

Figs. 2, 3, 4 are partially detailed cross sectional views of diffe- 
rent embodiments of a rotary wedge gate valve constructed in accordance 
with the present invention. 

Fig. 2A is a cross sectional view taken along 2A-2A in Fig. 2. 

Fig. 3A is a cross sectional view taken along 3A-3A in Fig. 3. 

Fig. 4A is a cross sectional view taken along 4A-4A in Fig.4. 

Fig. 5 is a partially detailed cross sectional view of a reciproca- 
ting wedge gate valve constructed in accordance with the present invention. 

Fig. 5A is a cross sectional view taken along 5A-5A in Fig. 5. 
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Detailed Inscription 

Fig. 1 shows a prior art valve using a traditional wedge gate that 
reciprocates along the stem axis between open and closed positions of the 
valve. 

The valve assembly 100 comprises a valve body 110 having a fluid flow 
passageway 112-114 defining a fluid flow path through the valve body and 
having a body cavity 118 in the fluid flow path. The body cavity 118 is in 
fluid ccmnunication with the fluid flow passageway 112-114 and opens upward- 
ly to the interior of the bonnet 138. The valve body 110 has a pair of seat- 
ing surfaces 140, 142 surrounding the fluid flow passageway and facing each 
other across the body cavity 118. In the body cavity 118 is placed a flow 
control member in the form of tapered . solid wedge gate 124 which recipro- 
cates along the axis of the stem 122 between open and closed positions of 
the valve. The gate 124 has tapered sealing surfaces 148, 150 which wedge 
against the body seating surfaces 140, 142 to sealingly close the fluid flow 
passageway 112-114. 

More often than not, when the gate 124 is mechanically wedged against 
the body seating surfaces 140, 142, particles in suspension in the fluid 
get trapped between the sealing surfaces 148/140 and 150/142, thereby 
compromising sealing integrity. Therefore the valve of Fig. 1 is not very 
suitable for slurries. Moreover, a large body cavity space needs to be 
provided for in order to accommodate the reciprocating motion of the gate 
124 along the stem axis. This is to the detriment of the use of valve in 
sanitary applications. 
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In Figs. 2,2A a rotary wedge gate valve is shown as constructed in 
accordance with the present invention and the valve is shown in the closed 
position. 

The valve assembly 200 includes a valve body 210 having a fluid flow 
passageway defining a fluid flow path through the valve body and having a 
body cavity 218 in the fluid flow path. The body cavity 218 is in fluid 
communication with the fluid flow passageway and also opens upwardly to 
communicate with the interior of the bonnet 238. The valve body 210 
comprises valve body seating surfaces 240, 242 facing each other across the 
body cavity 218 and surrounding the fluid flow passageway. 

A flow control member 220 is disposed in the body cavity 218 and is 
actuated by the stem 222 to selectively open or close the fluid flow pass- 
ageway 212-214. The flow control member 220 comprises a closure member 224 
in the form of a wedge gate with an outer convex surface 250 on one side of 
the gate 224 and an inner concave surface 248 on the opposite side thereof 
facing the body seating surfaces 242 , 240 respectively. The outer convex 
surface 250 is inclined to the fluid flow path 212-214 thereby making the 
gate 224 a part of the frustum of a hollow cone. The gate surfaces 248, 250 
are concentric with each other and with the axis of the stem 222. The gate 
224 is rotatable about the stem axis 222 and has a solid portion 225 to 
close the fluid flow passageway and a hollow conduit 244 alignable with the 
fluid flow passageway 212-214 to open the fluid flow. The valve body cavity 
218 is shaped to closely surround the flow control member 220 and to permit 
the flow control member to rotate about the stem axis and to permit the 
flow control member move axially to wedge against the body seating surfaces 
240, 242. 

The stem 222 is integrally connected with the wedge gate 224 so that 
the stem 222 and the gate 224 move synchronously. The stem 222 is operati- 
ve^ connected with a valve operator (not shown) by means of a stem moving 
means which is in the form of a Lift-and-Turn mechanism that makes the stem 
move in a sequence of steps that provides only axial motion and then 
rotary motion in response to movement of the valve operator in one direc- 
tion, and rotary motion and then only axial motion in response to movement 
of the valve operator in another direction. The axial motion of the stem 
causes the gate 224 to wedge against the body seating surfaces 240, 242 in 
order to sealingly close the fluid flow passageway 212-214. To open the 
fluid flow passageway, the gate 224 is lifted and then rotated. Lifting of 
the gate before rotation relieves the wedging load on the body seats 240, 
242 thereby facilitating rotation of the gate 224. The stem moving means 
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is not shown in Figs. 2,2A for the sake of simplicity, but is denoted by 
the directional arrows on the stem 222. 

There are different kinds of generic stem moving mechanisms that can 
be used with the instant invention. These mechanisms are in the form of a 
Lift-and-Turn mechanism or a Li f t-Turn-and-Reseat mechanism. A Lift-and- 
Turn mechanism is explained in US Patent No. 5,342,028 by Nevrekar and US 
Patent No. 2,076,841 by Heggem. A Lift-Turn-and-Reseat mechanism is expl- 
ained in US Patent No. 2,392,880 by Reed. The connecting means between the 
stem and the gate can be of two types. In one type, the stem 222 is rigidly 
connected to the gate as shown in Fig. 2. In another type, the stem 222 can 
move axially relative to the gate 224 by means of splines or a tongue and 
groove joint as in a ball valve, whereby the stem pushes down to load the 
gate with stem force for wedging. When the stem 222 moves away from the 
gate 224, the gate is relieved of the wedging force of the stem thereby 
facilitating rotation of the gate 224- 

By using the stem moving means of a Li f t-Turn-and-Reseat mechanism, 
the stem 222 is lifted, then rotated and then reseated whereby the stem 222 
loads the gate 224 with the fluid flow conduit 244 aligned with the fluid 
flow passageway 212-214, thereby sealing the fluid flow passageway from the 
body cavity in the fluid flow open position of the valve 200. 

As explained earlier, the traditional wedge gate valve of Fig.l 
cannot be used for slurries, etc. In the instant invention of Figs. 2, 2A, 
the gate 224 reciprocates transverse to the stem axis and thus the gate 
surfaces 248, 250 slide over the seating surfaces 240, 242 in a wiping 
action, similar to in a ball valve. This wiping action of the sealing 
surfaces permits the valve of the instant invention to be used for fluids 
with suspended particles, e.g. slurries. Secondly, the dead cavity space in 
the valve body 210 of the instant invention is kept to the absolute mini- 
mum. This is a distinct advantage for sanitary applications of the valve 
of the instant invention. 
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In Figs. 3, 3A another «Ttodiitient of the rotary wedge gate valve is 
shown as constructed in accordance with the present invention. 

The valve assembly 300 is nearly identical to the valve assembly 200 
of Figs. 2,2k except that the valve assembly 300 comprises two identical 
gates 324 and 326 oppositely disposed along the fluid flow path 312-314. 
For the sake of brevity, only relevant details are explained below for 
Figs. 3,3A. 

The flow control member 320 comprises two wedge gates 324 and 326 
disposed diametrically opposite to each other. The flow control member 320 
is actuated by the stem 322 which is operatively connected with the valve 
operator handle (not shown) by means of a stem moving means in the form 
of a Lift-and-Tum or a Li f t-Turn-and-Reseat mechanism denoted by the dire- 
ctional arrows on the stem 322. The wedge gate 324 wedges against the valve 
body seating surfaces 340, 342 and the wedge gate 326 wedges against the 
valve body seating surfaces 350, 352. The gates 324 and 326 are integrally 
connected to each other thereby making the flow control member a frustum of 
a hollow cone rotating over a trunnion 360 on the valve body. The trunnion 
360 comprises a fluid flow conduit 346 therethrough which remains fixed, 
that is, non-rotating with the gate, as compared to a rotating conduit in 
a traditional solid plug valve. The gates 324 and 326 comprise a fluid flow 
opening in each and is alignable with the fluid flow conduit 346 in the 
trunnion 360 and also alignable with the fluid flow passageway 312-314 in 
the fluid flow open position of the valve assembly 300. Thus the closure 
member 320 basically comprises two gates which rotate synchronously in 
opposite directions across the fluid flow path 312-314. Because of the 
fully circular nature of the flow control member 320, machining of the 
valve body cavity 318 and of tne gates 324, 326 becomes less expensive than 
machining of the same in Figs. 2,2A. in Figs. 3,3A sealing takes place at 
four places along the fluid flow path compared to at 2 places in Figs 2,2A. 
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In Figs- 4,4A sncthsr Gnbcdiinsnt of the rotary wedge gate valve is 
shown as constructed in accordance with the present invention. For the 
sake of brevity only relevant details are explained below for Figs. 4,4A. 

The valve assembly 400 comprises a flow control member 420 which 
comprises a wedge gate 424 with a solid portion 425 to close the fluid 
flow passageway 412-414. The gate 424 comprises a convex outer sealing 
surface 450 facing the body seating surface 442 and an inner concave sea- 
ling surface 448 facing the body seating surface 440. The sealing surface 
450 is inclined to the fluid flow path 412-414 and the gate 424 wedges 
into the valve body seating surfaces 440/ 442 to sealingly close the 
fluid flow passageway 412-414 from the valve body cavity 418. 

The gate 424 is actuated by the stem 422 the lower end of which is 
connected to a toothed pinion 432 which engages an arcuate toothed rack 
430 on the inside upper rim of the rotary gate 424. The stem 422 is opera- 
tively connected with the valve operator handle (not shown) by means of a 
Lift-and-Turn or a Lift-Turn-and-Reseat mechanism for the stem moving 
means denoted by the directional arrows on the stem 422. The stem moving 
means selectively moves the stem which pushes the pinion 432 onto the gate 
detent 426 thereby wedging the gate 424 into the valve body seating surfa- 
ces 440 r 442. The stem moving means causes the stem 422 to move in a sequ- 
ence of steps that provides only axial motion and then rotary motion in 
response to movement of the valve operator in one direction , and rotary 
motion and then only axial motion in response to movement of the valve 
operator in another direction. Lifting of the stem 422 before rotation 
relieves the gate 424 of the stem force thereby facilitating rotation of 
the gate 424. The rotary motion of the stem 422 causes the gate 424 to 
rotate by virtue of the toothed engagement between the pinion 432 and the 
gate rack 430. The operating radius of the rack 430 is greater than the 
operating radius of the pinion 432 so that the gate 424 rotates about an 
axis parallel to and offset from the stem axis 422. The rotary motion of 
the gate 424 transverse to the stem axis selectively opens or closes the 
fluid flow passageway 412-414. The connecting means between the stem 422 
and the gate 424 in Fig. 4 is shown as a rack and pinion arrangement. 
However, any other suitably appropriate connection can be used, e.g. 
Scotch Yoke and Pin connection. 
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in Figs. 5,5A another embodiment of the wedge gate valve is show, 
as constructed in accordance with the present invention. 

Most of the elements in Figs. 5,5A are similar to those in Figs. 4,4k 
and for the sake of brevity, only relevant details are explained below. 
The rack 530 on the gate 524 in Fig. 5 is a linearly straight rack which 
is engaged by the pinion 532. Therefore, the gate 524 reciprocates in a 
straight line direction transverse to the fluid flow path 512-514 and also 
transverse to the axis of the stem 522. The pinion 532 pushes onto the 
lower detent 526 to wedge the gate 524 into the valve body seating surfaces 
540, 542. An upper detent 527 is provided overhanging onto the top of the 
pinion 532 in order to pull the gate 524 up by the stem 522 which is opera- 
tive^ connected with the valve operator handle (not shown) by means of a 
stem moving means. For the stem moving means a Lift-and-Turn or a Lift- 
Turn-and-Reseat mechanism is used and is denoted by the directional arrows 
on the stem 522. The stem moving means causes the stem 522 to move in a 
sequence of steps that provides only axial motion and then rotary motion 
in response to movement of the valve operator in one direction, and rotary 
motion and then only axial motion in response to movement of the valve 
operator in another direction. The axial motion of the stem causes wedging 
and unvedging of the gate 524 and the rotary motion of the stem 522 causes 
the gate 524 to reciprocate in a straight line direction transverse to the 
stem axis. The gate 524 has a fluid flow conduit 544 (Fig. 5A) alignable 
with the fluid flow passageway 512-514. A Lift-Turn-and-Reseat mechanism is 
used for sealing the fluid flow passageway 512-514 from the valve body 
cavity 518 in the fluid flow closed position as well as in the fluid flow 
open position of the valve 500 when the fluid flow conduit 544 is aligned 
with the fluid flow passageway 512-514. Since the gate 524 reciprocates in 
a straight line transverse to the stem axis, the sealing surfaces 548, 550 
of the gate 524 are planar surfaces, whereas the sealing surfaces 448, 450 
in Fig.4 are curved surfaces because of the rotary type gate 424. 

It would be interesting to know that as the radius of the gate rack 
430 in Figs. 4,4A is made larger and larger to infinity, the rotary gate 
424 culminates into a gate 524 that reciprocates in a straight line trans- 
verse to the stem axis as shown in Figs. 5,5A. Thus, the rotary gate valve 
of Figs. 4,4A is transformed into the reciprocating gate valve of Figs. 
5,5A by making the gate rack straight from a curved one. 

The present invention is well adapted to carry out the objects and to 
attain the ends and advantages mentioned as well as those inherent therein. 
While presently preferred embodiments of the invention have been described 
for purposes of this disclosure, it will be recognized that numerous 
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changes can be -ads which readily suggest thsr»— — ' 

the art and which are encompassed within the spirit of the invention 
disclosed as defined in the appended claims. 



What is claimed: 



WO 98/45628 



PCT/US97/06097 



i. A valve comprising: 

a valve body having a fluid flow passageway defining a fluid flow path 
through the valve body and having a body cavity in the fluid flow path, 
the valve body having a pair of seating surfaces surrounding the fluid 
flow passageway and facing each other across the body cavity; 

a flow control means disposed in the body cavity for selectively closing 
or opening the fluid flow passageway/ the flow control means comprising: 

a gate having a convex surface facing one seating surface and a 
concave surface facing the second seating surface, the surfaces 
being disposed concentric with each other and at least one of the 
surfaces disposed inclined to the fluid flow path, the valve body 
cavity correspondingly shaped to closely surround the flow control 
means and to permit the flow control means to rotate about and to 
move axially along an axis transverse to the fluid flow path; and 

a valve operator means connected to the flow control means for select- 
ively moving the flow control means, the valve operator means 
coitprising: 

a valve operator; 

a stem having a stem axis and a stem diameter, the stem connected 
to the flow control means by a connecting means that permits sub- , 
stantially no rotary movement between the stem and the flow 
control means; and 

a stem moving means operatively connected with the valve operator 
and the stem for selectively moving the stem, said stem moving 
means causing a rotary movement of the flow control means for 
selectively closing or opening the fluid flow passageway and 
further causing the stem to move axially to force the flow control 
means to wedge against the seating surface facing the inclined 
surface of the gate for sealing about the fluid flow passageway. 
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2. The valve of Claim 1 wherein the connecting means between the flow 
control means and the stem comprises a rack and pinion arrangement 
between th flow control means and the stem. 

3. The valve of Claim 1 wherein the stem moving means causes the stem to 
move in a sequence of steps that provides only axial motion and then 
rotary motion in response to movement of the valve operator in one 
direction, and rotary motion and then only axial motion in response to 
movement of the valve operator in another direction. 

4. The valve of Claim 1 wherein the flow control means comprises a fluid 
flow conduit therethrough alignable with the fluid flow passageway. 

5. The valve of Claim 1 wherein the inclined surface of the gate is formed 
from the frustum of a cone. 

6. The valve of Claim 1 wherein the connecting means between the stem and 
the flow control means comprises means for causing the flow control 
means to rotate about an offset axis parallel to the stem axis. 

7. The valve of Claim 1 wherein the connecting means between the stem and 
the flow control means comprises means for causing the flow control 
means to rotate about an offset axis parallel to the stem axis and 
offset from the stem axis by a distance that is at least ten thousand 
times the stem diameter. 
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8. A valve comprising: 

a valve body having a fluid flow passageway defining a fluid flow path 
through the valve body and having a body cavity in the fluid flow path, 
the valve body having a pair of seating surfaces surrounding the fluid 
flow passageway and facing each other across the body cavity; 

a flow control means disposed in the body cavity for selectively closing 
or opening the fluid flow passageway, the flow control means comprising: 

a gate having a first planar face on one side of the gate facing 
one seating surface and a second planar face on an opposite side 
thereof facing the second seating surface and at least one of the 
faces of the gate disposed inclined to the fluid flow path, the 
valve body cavity correspondingly shaped to closely surround the 
flow control means and to permit the flow control means to move 
axialiy along an axis transverse to the fluid flow path and to 
further permit the flow control means to reciprocate in a straight 
line direction transverse to said axis; and 

a valve operator means connected to the flow control means for selecti- 
vely moving the flow control means, the valve operator means comprising: 

a valve operator ; 

a stem having a stem axis, the stem connected to the flow control 
means by a connecting means that permits substantially no rotary 
movement of the stem when the flow control means is held 
stationary; and 

a stem moving means operatively connected with the valve operator 
and the stem for selectively moving the stem, said stem moving 
means . causing the flow control means to reciprocate in a linearly 
straight direction transverse to the stem axis for selectively 
closing or opening the fluid flow passageway and further causing 
the stem to move axialiy to force the flow control means to wedge 
against the seating surface facing the inclined face of the gate 
for sealing about the fluid flow passageway. 
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9. The valve of Claim 8 wherein the connecting means between the flow 
control means and the stem comprises a rack and pinion arrangement 
between the flow control means and the stem. 

10. The valve of Claim 8 wherein the stem moving means causes the stem to 
move in a sequence of steps that provides only axial motion and then 
rotary motion in response to movement of the valve operator in one 
direction, and rotary motion and then only axial motion- in response 
to movement of the valve operator in another direction. 
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